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目的 探讨汽车尾气颗粒物（Diesel exhaust particles，DEP）对小鼠眼表上
皮的影响及其相关机制的研究。 
方法 40 只 18-20g 成年雄性 C57BL/6J 小鼠用不同浓度（0、100、1000 





测角膜和结膜上皮中 caspase-3 和 8 以及 Ki-67 的表达变化。qRT-PCR 检测角膜
和结膜 Ki-67 的 mRNA 水平变化。TUNEL 染色检测角膜和结膜上皮中细胞的凋
亡情况。以及 western blot 检测小鼠角膜和结膜的活化的 NF-κB 蛋白表达变化。
扫描电镜观察 DEP 颗粒物的形态，电感耦合等离子体质谱检测 DEP 的元素成分。 
结果 扫描电镜表明 DEP 是一种不同直径颗粒的组成的混合物，颗粒表面
多孔，可以吸附多种成分。使用这种 DEP 点眼 14 和 28 天后，对照组角膜 OGD
染色与正常小鼠没有明显差别，而用高浓度 DEP 点眼组，两个时间点的 OGD 染
色比对照组明显增多，而且高浓度组的角膜上皮细胞层数也会增多。DEP 可以导
致角膜和结膜上皮细胞凋亡增多，同时还会导致其角膜上皮增生，减少结膜穹隆
部杯状细胞的数量。以及使结膜上皮中 CD4 阳性细胞数量增多。DEP 点眼后角
膜和结膜中磷酸化 NF-κB 的表达量也增多，这提示 DEP 对眼表上皮产生的作用
机制可能与 NF-κB 信号通路激活有关。 
结论 DEP 可以导致小鼠眼表上皮的结构功能的改变，引起小鼠角膜和结
膜的炎症反应。 

















Purpose: To explore the effects of diesel exhaust particles (DEP) eye drops on 
ocular surface structure in mice, and to find a novel animal model for environmental 
eye disease research 
Methods: A total of 40 male C57BL/6J mice were used in this study and divided 
into four groups: blank control group (no treatment, n=4), control group (0.9% saline 
eye drops, n = 12), low concentration group (100μg/ml eye drops, n = 12) and high 
concentration group (1000μg/ml DEP eye drop group, n = 12). Topical administration 
was given twice times a day, 5ul, each time for 28 consecutive days in eyes. Corneal 
staining was measured before and after therapy on D0, 14 and 28, respectively. Eye 
samples were collected on D0, 14 and 28 and examined by histologic light microscopy, 
TUNEL assay, Ki67, caspase-3 and 8 immunostaining, CD4 immunohistochemical 
staining and NF-κB p65 (phospho S536) western blot analysis. DEP was examined by 
scanning electron microscope (SEM) and inductively coupled plasma mass 
spectrometry (ICP-MS) measurement 
Results: SEM examinations indicated that particles have porous structure which 
can adsorb many ingredients, both organic and inorganic matter, which was detected by 
ICP-MS. At 14d and 28d after treatment with or without saline, there were no statistical 
changes in ocular surface staining (P> 0.05). For groups treated with high concentration 
of DEP, all indices showed statistical differences at each time point (P <0.05). The 
average number of corneal epithelial cells layer in high concentration group was 
significantly more than that in control group (P < 0.05). DEP induced apoptosis in the 
corneal and conjunctival epithelium, and leaded to abnormal differentiation and 
proliferation of the ocular surface with higher expression levels of Ki67 and reduced 
the number of goblet cells in the conjunctival fornix. DEP significantly increased the 
number of CD4 positive cells in conjunctiva and the levels of NF-κB p65 (phospho 
S536) in both cornea and conjunctival. 
Conclusion: DEP cause the destruction of the organized structure of ocular surface 
and induce the inflammation of cornea and conjunctiva in mice. 
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第一章 前 言 
1.1 汽车尾气颗粒物 































































































































了 BUT 低于正常外，PM2.5 浓度每上升 10μg/m³泪液渗透压将会降低 10.9 
mOsm/kg[54]。BUT、Scirmer 测试及泪膜稳定性等检查指标作为诊断干眼的一些
指标。而且 Novaes 等研究中被调查对象表现出的眼部不适症状有眼干、眼痒、
眼部刺激感等，这些症状也与干眼的症状相类似。Versura 在 对 100 位病人经行
调查发现眼表的亚临床炎症以及眼睛的干燥症状与空气中高浓度的污染市是有
关的[55]。Anat Galor 在调查中也发现，环境因素对干眼症状起了重要的作用，其
中大气污染和大气压强是最有影响性因素[56]。Subhrangshu Sengupta 和 Suranjana 
Banerji 进行了一项针对城市和乡村 450 人的调查研究调查同样表明大气污染对
干眼有影响[57]。 
1.1.7 大气污染导致的眼部症状 
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